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INTRODUCTION
The characteristic skin in mammals is clothed with fur or hair and its concealment may be effected by the colour and pattern of the coat. The colouration in animals is a function of selective pressures that can be divided into three categories: concealment, communication, and regulation of physiologic processes (Caro 2005) . Generally, the coat colour change depends on the surrounding seasonal climate conditions and also the geographic regions where they are found (Menon 2003) . Besides this, the age, sex, health, and nutrition play important roles in the looks of an animal. Mammals also show individual coat or pelage differences even within the same race and this is particularly so in the case of genetic mutations such as albinism, melanism (Menon 2003) , and other types of colour aberrations such as leucism, piebaldism, hypomelanism, and blueeyed white morph.
The colour aberrations are variously termed as colour variation (Hofreiter & Schöneberg 2010) , anomalous colouration (Abreu et al. 2013) , atypical colouration (Zalapa et al. 2016) , and chromatic disorder (Lucati & Lopez-Baucells 2016) . The phenomenon of colour aberration is not uncommon in vertebrate groups including birds and mammals. The most common pigment in both birds and mammals is melanin (Fox & Vevers 1960 ) and the pigmentation process in mammal hair is identical to that in bird feathers (Lubnow 1963 ; van Grouw 2013) . There are two forms of melanin: eumelanin and phaeomelanin (Lubnow 1963) . Depending upon the concentration and distribution within skin and fur, eumelanin is responsible for black, grey, and/or dark brown colours whereas phaeomelanin is responsible for warm, reddish-brown to pale buff colours. Both melanins together can give a wide range of greyishbrown colours (Lubnow 1963; van Grouw 2013) . The development of melanin is the result of a biochemical process called melanin synthesis in melanin-producing cells (melanocytes); the amino acid tyrosine and enzyme tyrosinase are necessary to start this synthesis. Further, every disturbance or the heritable cause, i.e., genetic mutation, at every stage of melanin synthesis affects the concentration and distribution of melanin resulting in an aberrant colour (van Grouw 2013) .
The colour aberrations in mammals were described using various terms such as albinism (pure/complete), partial albinism, melanism, and erythrism. There is no consensus on standard terminology to describe the aberrations accurately. Recently, van Grouw (2006 van Grouw ( , 2013 and Mahabal et al. (2016) produced an excellent identification key to name the colour aberrations in birds. Although identifying colour mutations in the field can be extremely difficult, this key makes it possible to name many mutations correctly. The mammals await such imminently usable identification key. Abreu et al. (2013) and Lucati & Lopez-Baucells (2016) attempted to classify the aberrations for their study of bats. We mostly continued the use of terminology based on these literature. The terms used in this study are summarised in Table 1 and further details are provided below.
Albinism is a hypo-pigmentary disorder with a total lack of both melanins in hairs, eyes, and skin due to the heritable absence of functional tyrosinase enzyme in pigment cells affecting all skin and hairs, resulting in a total white plumage/fur with red eyes. Albinism is controlled via inheritance by an autosomal recessive gene in all animal species (Hale et al. 2005 ; van Grouw 2006 van Grouw , 2013 .
Leucism is a total lack of pigmentation in the whole body due to an inherited defect in the pigment transfer process effecting white or whitish hair, pale skin, but normal coloured eyes (van Grouw 2006; Abreu et al. 2013; Lucati & Lopez-Baucells 2016) .
Piebaldism is a type of hypopigmentation in which the absence of pigment is localized and is due to an absence of melanocytes in the affected skin and hair follicles as a result of genetic mutation. This is similar to leucism but differs in that the melanocyte development is only locally disrupted. Piebald animals have a variable distribution of white spots on the body but have normal coloured eyes (Lucati & Lopez-Baucells 2016) . Although not used widely, it seems to be the least confusing term to denote those cases where the colour aberration affects only part of the body.
Hypomelanism is another type of hypo-pigmentation wherein an inherited colour aberration results in a fawn, cream, grey, grey-brown, ashy, whitish-yellowish, light golden-brown, or orange to light red individual with insufficiently pigmented skin. This is mainly due to mutations affecting melanin biosynthesis resulting in pigment reduction in one or both of the two melanin forms leading to various colour morphs (van Grouw 2006 (van Grouw , 2013 Lucati & Lopez-Baucells 2016; Mahabal et al. 2016) .
Melanism is the opposite condition of albinism wherein there is an excessive synthesis of melanin pigment in the skin resulting in a melanistic (black to dark reddish-brown morph) animal (van Grouw 2006 (van Grouw , 2013 Lucati & Lopez-Baucells 2016; Mahabal et al. 2016) .
Blue-eyed white morph: Blue-eyed white morph in some instances of tigers and leopards is a morph with dominant genes seen effecting a light ivory-coloured to white or creamy white fur with typical black-brown stripes, pink nose and pads, and pale blue eyes (Pant & Dhariyal 1979) . In tigers, this mutation primarily affects the red/yellow pheomelanin pathway (Xu et al. 2013) .
A number of instances of colour aberrations occurred and were recorded in various vertebrate species throughout the world including India. In this context, instances of colour aberrations were reviewed in herpetofauna (Mahabal & Thakur 2014) and birds in India from 1886 to 2013 and 2015, respectively. Indian mammals needed detailed attention in this regard. In other parts of the world, some researchers tackled this topic sporadically in various species (Macnaghten 1918; Allen 1939; Setzer 1950; Pirlot 1958; Jones 1973; McBride 1977; Howell 1980; Smith 1982; Morris & Tutt 1996; Uieda 2000; Hsu 2003; Acevedo & Aguayo 2008; McCardle 2012; Abreu et al. 2013) .
The current communication intended to review the instances of all types of colour aberrations recorded in Indian mammals since 1886, including the 54 records (marked * in Table 2 ) assessed by Singh (2014) . The study by Singh (2014) made a scientometric analysis of the availability and dissemination of information on 'true albino' and 'white' mammals accessed for the period 1886-2014 in Indian sources usually consulted by wildlife and natural history workers. Our focus of study, however, was a comprehensive compilation of all types of colour aberrations recorded in various mammalian species, its order-wise and family-wise representation, and its analysis. The geographic distribution pattern of these aberrations was also provided.
METHODS
In this study, the scattered records on colour aberrations (albinism, leucism, piebaldism, melanism, and others) in Indian mammals were gathered from published scientific literature available in print as well as in digital databases such as JStor, EBSCOHost, and open access journals. We also searched for photographic records available in various print resources such as newspapers and magazines and in electronic media including platforms and websites (such as India Nature Watch, Flickr, and Facebook). The reviewed records range from 1886 to 2017 (till July) including some historic records dating back to the years 1561, 1608, and 1820.
For tabular presentation of the data on records of instances of colour aberrations of the species, we followed taxonomic sequence and scientific and common names as per Pradhan & Talmale (2012) ; we also provided the type and description of aberration as per the original author, our interpretation of the aberration, locality with geographic coordinates (if available), date, sex, remarks (if any), and the source of information. In some instances, we noticed possible misidentification of the type of colour aberration and tried to deduce the more appropriate type based on any evidence present in the text or any accompanying images. Wherever the evidence was insufficient to accurately determine the aberration, for example, missing details of the colour of eyes which is essential to separate albinism from Table 1 . Terminology used to describe colour aberrations adopted from van Grouw (2006 van Grouw ( , 2013 
Aberration
Effect on melanin Resulting phenotype Other names
Albinism
Total lack of both melanins in skin, hair follicles, and eyes due to the heritable absence of the enzyme tyrosinase in pigment cells.
All-white hair, pale skin, and red eyes. Total/pure/complete/perfect albinism; total amelanism Leucism Total lack of both melanins in all of the hair follicles and skin due to the heritable absence of pigment cells caused by the failure of melanocytes to migrate to the skin and hair follicles.
All-white or whitish hair, pale skin; eyes and/or body extremities normally coloured.
Piebaldism
Total lack of melanin in part of the skin and/ or hair follicles due to the heritable absence of melanocytes in the affected part. leucism, we marked them as undetermined.
Geographic information and mapping
For each occurrence, we tried to ascertain the precise geographic location based on the information provided. Some of the records, especially the recent ones, give the exact geographic coordinates. In many records, however, the coordinates associated with the locality have the limitation of not being the exact location of the observation due to lack of precise information. In such cases, a central point within the locality/area was taken. The data was plotted and georeferenced onto the map of India using QGIS v. 2.12.2 (Open Source Geospatial Foundation, Lyon).
RESULTS AND DISCUSSION
Altogether, 239 instances of various colour aberrations recorded in Indian mammals over a period of 130 years were compiled in Table 2 . The Indian mammalian fauna is represented by 420 species belonging to 48 families and 14 orders (Pradhan & Talmale 2012) . This communication has one additional species (Indian Cheetah Acinonyx jubatus), which has since become extinct and hence is excluded from Pradhan & Talmale (2012) . The family-wise distribution of the known species, number of aberrant colour species, and occurrence of the number of instances in various types of colour aberrations were summarized in Table 3 .
The analysis of Tables 2 and 3 reveals that only 56 species (out of 421 known mammalian species, including 420 extant and one extinct species from the region) belonging to eight orders and 19 families were reported to exhibit various types of colour aberrations amounting to 13.3%. Of these, albinos constituted 21.8%, leucistic 14.2%, piebald 5.4%, melanistic 25.5%, hypomelanistic 18.45%, and blue-eyed white morph 1.3%; the remaining 13.4% was undetermined. Most of the records under 'undetermined' were either albinos or leucistic animals; however, the eye colour, which is red/pink in albinos and normal in leucistic animals, was not noted by the original authors.
Figures 1 and 2 illustrate the spread of the occurrences of colour aberrations on the map of India. The reports of colour aberrations were recorded from various regions of India with a noticeable gap in the Deccan plateau region of Maharashtra, Telangana, Andhra Pradesh, and Karnataka states, possibly due to lack of published records. Very few instances of colour aberrations in mammals were reported from this region. Records of albinism and leucism are widespread across the country. Blue-eyed white morph, however, seems to be mostly from the eastern and central parts. Records of melanistic animals were mostly from the forested areas of the Western Ghats, the foothills of the Himalaya, and central India. The instances of hypomelanism are peculiarly concentrated in the southern Western Ghats straddling the states of Kerala and Tamil Nadu. The bulk of these records is those of the Gaur. Both melanistic and hypomelanistic instances were almost negligible in the northwestern states of Punjab, Haryana, Rajasthan, and Gujarat. In fact, there is no record of any colour aberration in mammals from the states of Haryana, Arunachal Pradesh, Tripura, and Mizoram (Table 4) . While states like Maharashtra, Madhya Pradesh, and Tamil Nadu have many records of colour aberration compared to other states, states like Chhatisgarh, Jammu & Kashmir, Jharkhand, Meghalaya, Nagaland, and Telagana have only one record each of any colour aberration. The gaps mentioned above indicate a need for more observations.
The instances of colour aberrations were more pronounced in the families Felidae (76), followed by Bovidae (42) and Cervidae (36). Felidae also exhibited the maximum number of instances of melanistic animals (46), particularly in leopards (32), tigers (8), and jungle cats (3). The highest number of instances of hypomelanism (11) was noticed in Gaur (Bovidae), followed by Sloth Bear (8; Ursidae) and macaques (7; Cercopithecidae). Cervids showed the highest number of albinistic animals (16), followed by squirrels (10; Sciuridae). Blackbucks (Bovidae) showed the highest number of instances of leucism (6). Piebaldism was quite uncommon with most instances in Muridae (5). Similarly uncommon, almost all instances of blue-eyed white morph animals were recorded in leopards and tigers (Tables 2 & 3) .
The earliest record of colour aberration in India is of a tigress with her cubs in 1561 in the Mughal period from Gwalior-Malwa area of central India (Divyabhanusinh 1987a; Xu et al. 2013) . Thereafter, from 1820 to 1978, a number of wild 'white' tigers were reported from the central and eastern states of India. It is unclear whether these were albinos, leucistic, or blue-eyed white morphs as the colour of eyes of the species were not recorded.
In May 1951, a wild 'white' tiger was caught and reared in the Maharaja's palace of Govindgarh in Rewa State (Madhya Pradesh), which was later named 'Mohan' (Oswald 1960; Divyabhanusinh 1987a) . Singh (1999) described the 12 known types of body colours in tigers over a normal distribution curve and mentioned that there was an inclination to stretch the ancestry of most captive white tigers to Mohan of Rewa. Mohan was a blue-eyed white morph. A programme of captive breeding of this tiger was undertaken and its descendant stock is now in various zoos all over the world including India. Its genealogy was described by various authors (namely, Oswald 1960; Gee 1964; Sankhala 1969; Pant & Dahariyal 1979; Mishra et al. 1982; Singh 1996) .
These captive instances of blue-eyed white morph tigers were not considered in this communication. Further, it is remarkable to note that after 1958 till date there are no published records of the occurrence of wild white tigers from any forested tracts of India. Singh (2010) , during his stay from 2009 to 2010 in the white tiger country of Rewa forest in Madhya Pradesh, did not see any wild white tigers (Table 2) . Therefore, it can be safely said that the wild strain of blue-eyed white morph tiger has diminished from India; however, it needs a scrupulous search from time to time.
The order Chiroptera with 117 species stands rich among the class Mammalia; however, looking at the instances of colour aberration occurrences, it is negligible (Table 3 ). Only one type, i.e., albinism, was reported in seven species of bats belonging to four different families covering nine instances. This shows that albinism is rare in bats as also opined by Khajuria (1973) and Hsu (2003) . Hsu (2003) , however, stated that the highest number of known albino cases was recorded in evening bats of the family Vespertilionidae at the global level (42.2%), as reviewed by Uieda (2000) . In India, this family contains 58 known species of evening bats; however, it is intriguing to note that there is not a single instance of any type of colour aberration recorded from this largest family of Indian mammals. One of the reasons for this could be that "bats have not received adequate attention in biodiversity research in India" (Debata & Palita 2018) and the other could be that the occurrence of albinism is indeed rare in the group. Calderon-Alvarez & MarinVasquez (2018) studied colour aberration in the Shorttailed Fruit Bat Carollia perspicillata and support the view that the cause of variation in instances of albinism in families is unknown, but it appears to occur in species that are both social in their breeding habits and also fairly sedentary.
Albino individuals are more conspicuous as compared to normal individuals. In prey species, they are at a definite disadvantage in the struggle for existence and very few albinos manage to escape their natural enemies and survive to attain sexual maturity. For this reason, albino individuals are only sporadically reported. Albinism, however, is regularly reported in Spotted Deers across various regions of the country. Also, we see persistent records of albino Blackbucks in the region around Ahmedabad in Gujarat, including the Velavadar Blackbuck National Park ( Table 2 ). The albinos in these populations, therefore, can make good candidates for studies about the effect of albinism on prey-predator relationship as well as on social behaviour within the herd. Additionally, the phenomenon of persisting albinism in Blackbucks of Velavadar Blackbuck NP is worth investigating.
Instances of black or melanistic leopards were recorded in various states from 1889 onwards almost regularly, indicating that the population of melanistic morph is well established in the country (Table 2 ). This was substantiated by the camera trapping studies since 2008 by Karanth (2014) in several wildlife sanctuaries, namely, Anshi, Dandeli, Bhadra, and Bandipur in Karnataka and Waynad in Kerala. About 10% of captured images of leopards belong to black leopards, appearing less rare than originally thought. Bashir et al. (2011) hypothesized that a number of melanistic forms of Asiatic Golden Cat captured in camera traps in different parts of Prek Chu catchment area of Khongchendzohga Biosphere Reserve, Sikkim, were either all melanistic or of a different subspecies. It is apparent from the above information that molecular study needs to be undertaken on priority to establish the genetic identity in different populations of melanistic leopards spread over the country and the Asiatic Golden Cats from Sikkim. Singh (1999) is of the opinion that except for black panthers (leopard), all other leopards and tigers with colour aberration were discarded by natural processes; in the case of leopards, the black forms, although regularly seen, have not succeeded yet in replacing the normally spotted forms as the former are comparatively less fecund and viable.
Many hypomelanistic Gaurs Bos gaurus were regularly recorded by observers (Morris 1933 (Morris , 1934 (Morris , 1935 (Morris , 1936b Williams 1936 Williams , 1969 Davidar 1970; Gouldbury 1971; Ajith et al. 1998 Ajith et al. ) between 1932 Ajith et al. and 2000 in the mountains of Tamil Nadu and Kerala (Table  2 ). Since then, however, there are no published records of abnormal colouration in this species from that region. Naturalists visiting these mountains should carefully make notes of any colour aberrations in Gaur. Sankhala (1969 Sankhala ( , 1978 , also cited by Sinha (1993) 132 Panthera tigris A sub-adult tiger (eyes look normal-coloured in image). 
176* Axis axis
In a normal-coloured herd of 13 Chital a snow white fawn with few faint creamy spots visible on body with pink-coloured eyes, nasal tip, and ears; white hairs on eyebrows (images).
Albinism ( (2010d, 2011b, c) .
207* Antilope cervicapra
A white-coloured adult with normal eye and black coloured snout seen in the image (image by Ghanashyam Sarvaiya). Brander (1933 Brander ( , 1935 Brander ( , 1936 ; Morris (1934 Morris ( , 1936b 
CONCLUSIONS
The present study indicates colour aberrations in 55 mammalian species belonging to eight orders and 19 families. No report of any type of colour aberration was reported so far from the six different mammalian orders, namely, Sirenia, Scandentia, Logomorpha, Pholiodota, Perisodactyla, and Cetacea from India (Table 3) . Elsewhere in the world, there were recorded instances of colour aberration in marine mammals, such as in 25 Neotropical cetacean species (Abreu et al. 2013) . The gaps in the knowledge in species belonging to many orders and families in India need attention from researchers, naturalists, and field workers to gather more evidence. Singh (2014) pointed out that in the past the source of information and dissemination of data pertaining to wildlife and natural history was not as broad-based as it is today. The recent adoption of camera traps for surveys and the easy availability of photographic equipment offers a ray of hope to fill the gaps in knowledge. We highly recommend surveys with camera traps and visual observations in more and more areas to get a better understanding of colour aberrations in the missing species.
It is noticeable that the most commonly observed colour aberration as noted by the original authors is that of albinism. Partly this might be due to the tendency amongst naturalists to name most mutations resulting in white animals as albinos. This, however, is not always true as there are many other types of colour aberration that can result in a white or pale coat. Albinos can be distinguished by their red or pink eye colour along with pinkish snout, pinna, and limbs. Hence, there is a need The list interestingly shows a total of 421 species against the list of 420 species in Pradhan & Talmale (2012) . This is due to the record of colour aberration in Indian Cheetah which has since become extinct. for greater awareness of types of colour aberration in the naturalists' community to correctly name the aberration. We encourage researchers and the nature loving community to either publish their observations in scientific journals and to upload photographic evidence on websites such as www.indianaturewatch.com or apps like iNaturalist. Observation and images of eye colour along with the rest of the body are very useful to determine the precise category of colour aberration. Whenever images are not available, a detailed description including eye colour, pattern, and amount of discolouration is necessary for the proper identification of the type of colour aberration in the species.
